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months, 1 and more than 30% die 1 year after hospital discharge. 2 Of those alive at 3 months, many develop new limitations in activities of daily living when compared to their abilities 2 weeks before hospitalization. 1, 3 These patients are at risk of ending up in a vicious circle because these increased disabilities are in turn associated with increased all-cause 30-day hospital readmission. 4 Longitudinal studies in community-dwelling older patients showed that many were able to recover from limitations in activities of daily living and frailty and that it is not an inherently irreversible process. [5] [6] [7] [8] A recent systematic review and meta-analysis of hospital-based inpatient geriatric rehabilitation, including exercise training, demonstrated that rehabilitation strategies cannot only restore functioning but also prevent disabilities. 9 Many studies focus on a diagnosis-based population despite other factors (ie, level of frailty) playing an important role in determining rehabilitation needs. 8 The medical diagnosis often insufficiently correlates with disease-related functional consequences. To restore or prevent disabilities in older individuals, rehabilitation programs need to apply a broader multifactorial approach rather than focusing only on body function. [10] [11] [12] This is often implemented using a comprehensive geriatric assessment to assess a patient's health status, geriatric condition, body function, and personal goals and results in a multidisciplinary care and rehabilitation plan. 13, 14 There is currently no aggregated evidence available regarding multidisciplinary rehabilitation treatment in an out-of-hospital setting (OOHS) (ie, skilled nursing facilities, outpatient clinics, or community-based at home) for older adults after hospital discharge following an acute illness. Current evidence on this type of rehabilitation has mainly focused on patients' poststroke 15, 16 or hip fracture 17, 18 and on older patients who reside in a nursing home and require long-term care. 19 Records iden fied through database searching Medline (n=2345) 
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CI confidence interval MD mean difference 6MWD 6-minute walk distance OOHS out-of-hospital setting RR risk ratio TIDieR template for intervention description and replication Therefore, this systematic review and meta-analysis analyzed the effectiveness of multidisciplinary rehabilitation (including exercise compared to usual care or other forms of rehabilitation) on mobility (as a measure of body function) and unplanned hospital readmission in older patients (mean age !65y) 3 months after hospital discharge following an acute illness.
Methods
This systematic review is registered in the PROSPERO register of systematic reviews (registration number: CRD42017058592). It has been reported according to the PRISMA guidelines. 20 Inclusion criteria for studies were as follows: design: randomized controlled trials published in peer-reviewed journals. Population: mean age !65 years; discharged from hospital following an acute illness (ie, myocardial infarction, exacerbation of chronic obstructive pulmonary disease, or dysregulated diabetes mellitus). Intervention: rehabilitation in an OOHS (ie, a skilled nursing facility, outpatient clinic, or community-based at home); rehabilitation programs starting in hospital and continuing in an OOHS; rehabilitation containing at least exercise therapy, because this is an important contributing intervention to recover from or prevent a decline in body function, 21, 22 and including treatment from at least 2 disciplines; intervention compared to care as usual or other forms of rehabilitation. Outcome: primary: mobility (as a measure of body function) and unplanned hospital readmission within 3 months of the initial hospitalization; secondary: mobility (as a measure of body function) and unplanned hospital readmission within 6 and 12 months of the initial hospitalization.
The focus of the primary and secondary outcome measures at 3 and 6 months after discharge was based on the rationale that older patients are at increased risk of adverse events and declining body function in the first 6 months after hospital discharge. 1, 2, 23 The effect of rehabilitation at 12 months was included to present the long-term effects of the interventions. Studies were excluded if the intervention was offered after planned hospitalization, was situated within an emergency department, or focused on institutionalized long-term care. Studies on patients with neurologic and traumatic injuries (eg, hip fractures) were excluded because there is sufficient evidence that rehabilitation programs are effective in these populations. [15] [16] [17] [18] Studies were also excluded if the focus was on patients with a severe psychological or psychiatric comorbidity or cognitive impairments.
Definition of the mobility outcome as a measure of body function
Although daily functioning is widely used as an important patientreported outcome measure, many variations exist on the use of the term functioning. 24 According to the International Classification of Functioning, functioning consists of 3 main functions: body functions, activities, and involvement in life situations. 24 This systematic review focuses on mobility (eg, a 6-minute walk distance [6MWD] test) as a measure of body function.
The 6MWD test reflects the functional capacity level and is an indicator of activities of daily living as part of body function according to the International Classification of Functioning. 25 The 6MWD test is a predictor of morbidity and mortality in older patients. 25 
Information sources
A clinical librarian (J.G.D.) conducted a systematic literature search in Medline OVID, Embase OVID, and CINAHL selecting articles that were published between their inception and February 22, 2018. A scoping search was initially performed to identify relevant references in Medline OVID. Reference lists of eligible 
Study selection
The studies identified in the scoping search were managed in EndNote a and subsequently exported to Covidence 26,b and Review Manager (version 5.3) software, c which were used for the screening process, data collection, and analysis. Two authors (L.V. and E.V.D.K.) independently screened the titles, abstracts of the identified studies, and full texts after the first screening. After selection, they subsequently extracted data from these studies. In case of a discrepancy, a consensus was reached through discussion with a third reviewer (B.M.B.).
Data collection
Based on the Cochrane data collection form 27 In the case of missing data, the authors were contacted by e-mail and asked for the additional information. One reminder e-mail was sent after 4 weeks.
Assessment of risk of bias
The Cochrane Collaboration's risk of bias tool was used to evaluate the quality of the included studies. 29 Two reviewers (L.V. and E.V.D.K.) independently assessed each study based on the sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting, and other sources of bias.
In the evaluation, a distinction was made between the mobility and unplanned hospital readmission outcomes considering the effect of blinding the outcome assessors. Not blinding the outcome assessors to the rehabilitation intervention was unlikely to have influenced the unplanned hospital readmission rates but could have influenced the measurement of mobility.
Publication bias
A plan was made to assess small study bias using the Egger regression asymmetry test if at least 10 studies were included in the meta-analysis. 27 
Data synthesis
Review Manager software was used to pool study data regarding mobility and unplanned hospital readmissions. The mean difference (MD) and 95% CI were calculated for the continuous mobility outcome from the 6MWD data, which were reported in most studies included on the topic. The pooled risk ratio (RR) and its 95% CI were calculated for the unplanned hospital readmission outcome. Heterogeneity across studies was evaluated using the I 2 statistic. 27 A fixed-effects model was used for I 2 values 40%, and a random-effects model (according to the DerSimonian and Laird method to account for substantial statistical heterogeneity) was used for I 2 values >40%. 27 A sensitivity analysis of the meta-analysis was also performed to assess the influence of sequentially omitting individual studies on pooled estimates.
Results
Online database searches in Medline OVID, Embase OVID, and CINAHL identified 6187 references. The review process is summarized in fig 1. After removing duplicates, the titles and abstracts of 4355 studies were screened. A total of 143 studies were considered for a full-text review, whereas 128 studies were excluded due to inadmissible patient populations (nZ68); nonrandomization of the trial (nZ19); no rehabilitation intervention, lack of exercise components, or no multidisciplinary approach (nZ14); no acute hospitalization (nZ12); the study protocol description (nZ8); other outcomes (nZ5); or excluded settings (nZ2) (appendix 2). Ultimately, 15 studies were eligible for inclusion in the systematic review, 7 were eligible for inclusion in the 6MWD meta-analysis, and 7 were eligible for the meta-analysis on unplanned hospital readmission.
Study characteristics
The number of participants in the included studies collectively totaled 1255 (624 in the intervention group and 631 in the control group). The mean participant age was 74 years (range: 65-85).
Four studies reported on a general patient population, 30-33 5 reported on pulmonary patients, [34] [35] [36] [37] [38] and 6 reported on cardiac patients (table 1) . [39] [40] [41] [42] [43] [44] Of the 15 included studies, 11 involved transitional rehabilitation interventions that started rehabilitation during hospitalization [30] [31] [32] [33] [34] [35] 38, 40, 41 or in an outpatient rehabilitation center. 36, 39 The interventions continued with rehabilitation that was home based, [30] [31] [32] [33] [34] 36, 38, 39, 41 in an outpatient setting, 35 or in a skilled nursing facility. 40 Of the remaining 4 studies, 2 only provided rehabilitation at home 42, 43 and 2 provided rehabilitation in an outpatient setting. 37, 44 The exercise component of the included studies consisted of intensity training (ie, walking and endurance exercises), strengthening exercises, and balance and stretching exercises and was mainly performed by physical therapists, occupational therapists, or a multidisciplinary team that was not further specified (table 2) . In general, each study included an educational component in the intervention (ie, written or verbal exercise instructions) and counseling and teaching strategies for coping with dyspnea and stress, which were provided by those with expertise on the topic (see table 2 ). Dieticians were mainly involved in studies on cardiac patients in the context of dietary counseling, 39, 42, 43 and in 1 study they were used to prescribe a high-protein diet to a general patient population. 30 Each study included a multidisciplinary team made up of, for example, registered nurses, physical therapists, occupational therapists, and dieticians (see table 2 ). Three studies performed a comprehensive baseline geriatric assessment [31] [32] [33] ; however, the duration and intensity of rehabilitation sessions differed substantially in these studies (see table 2), ranging from 15 34 to 120 minutes 36, 37 per session. The frequency of sessions in the rehabilitation programs ranged from 1 in-hospital session and 1 outpatient session in total 38 to 6 sessions per week over 12 months. 43 All studies defined usual care as providing information and advice on lifestyle and exercise and providing follow-up visits or telephone calls by a physician or nurse (specialist). In addition to this usual care, 2 studies described rehabilitation advice as usual care but did not elaborate on the details of this advice. 31, 32 One study described standard rehabilitation as usual care that involved group-based exercise training twice a week, education, and dietary counseling. 43 Another study described standard rehabilitation as an in-hospital multidisciplinary approach by physical therapists and occupational therapists during weekdays with a training schedule based on an individual assessment. 33 Figure 2 summarizes the risk of bias assessment in the included studies. Sequence generation was clearly described in all studies with the exception of the studies by Oerkild et al 42 and Sahota et al. 33 Oerkild introduced selection bias by inviting patients to participate in another program, and those who declined were invited to participate in the study program. Sahota did not describe the process of sequence generation. Five studies did not report the allocation concealment process, 33, 34, 38, 40, 44 and 1 study reported a partially influenced allocation process. 30 Buhl et al 30 reported that patients living too far from the municipality were included in the control group. Blinding of the outcome assessors to the mobility outcome was poorly described or, in the case of 3 studies, poorly performed. 37, 41, 42 To assess the risk of bias due to incomplete outcome data, studies were evaluated on the registration or publication of the study protocol and attrition rates with a cutoff point of 20%. Three studies reported a high attrition rate. 34, 36, 41 All studies reported on predefined outcomes; therefore, reporting bias was scored as a low risk. Other possible introduced biases were caused by financial incentives to participants, 40 underpowering due to low consensus rates, 35 a high rate of noncompliance to the intervention, 31 and early termination of the study due to health policy changes. 39 
Risk of bias

Publication bias
The limited number of studies in the meta-analyses (seven 6MWD studies and 7 unplanned hospital readmission studies) meant that the minimal requirement of 10 studies for testing publication bias was not met.
Mobility
Twelve studies assessed the mobility outcome: 2 included a general population, 30,32 5 included patients with pulmonary disease, [34] [35] [36] [37] [38] and 5 included patients with cardiac disease. [39] [40] [41] [42] [43] The effect of rehabilitation on the 6MWD test was assessed in 8 of the studies. [34] [35] [36] 38, 39, [41] [42] [43] Other measurement scales used to assess mobility included the Incremental Shuttle Walk Test (ISWT), 37 the de Morton Mobility Index, 30 and the Walking Impairment Questionnaire (self-reported). 32 Data from the Walking Impairment Questionnaire suggested that the intervention group showed greater mobility at 3 and 6 months after discharge. 32 Data from the Incremental Shuttle Walk Test also reported that the intervention group showed greater mobility at 3 months after discharge. 37 Dolansky et al 40 counted the number of steps walked using a pedometer and reported a positive trend (see table 1) in the intervention group compared to the control group.
Seven studies provided sufficient data for a meta-analysis of the 6MWD (fig 3A) . The overall MD was 23 m at 3 months (95% CI: À1.34 to 48.32; I 2 : 51%); however, the I 2 test result suggests substantial heterogeneity between studies. The study by Oerkild 43 appeared to be an influential trial because its omission led to a larger pooled effect in favor of OOHS rehabilitation (MD: 31.3; 95% CI: 8.06-54.68), whereas omission of the Davidson et al 39 study led to a smaller pooled effect (MD: 10.76; 95% CI: À7.29 to 28.81) (table 3) .
Data on mobility measured by the 6MWD at 6 months after hospital discharge were reported in 2 studies. Ko et al 36 showed a favorable effect of the rehabilitation program on the 6MWD in the intervention group (330m) than in the control group (316m), and Behnke et al 34 also reported a favorable effect at 6 months (P<.001) in the intervention group but did not provide any detailed information. Two studies reported the effect of rehabilitation on mobility at 12 months after hospital discharge measured by the 6MWD. 36, 39 Ko reported a favorable effect in the intervention group (331m) than in the control group (295m). 36 
Unplanned hospital readmission
Eight studies assessed the effect of rehabilitation on unplanned hospital readmissions: 7 reported on readmissions within 3 months, 30, 31, 33, [35] [36] [37] 44 2 reported on readmissions within 6 months, 31, 36 and 2 reported on readmissions within 12 months. 39, 44 Seven studies provided sufficient data for a meta-analysis of unplanned hospital readmissions within 3 months, which was the primary endpoint. 30, 31, 33, [35] [36] [37] 44 The pooled RR based on a fixedeffects model was 0.93 (95% CI: 0.73-1.19) ( fig 3B) . Within 6 months of hospitalization, only 1 study reported significantly fewer hospital readmissions in the intervention group than the control group, 31 and data requested from Ko showed comparable unplanned hospital readmission rates (intervention group and control group: 37%). 36 Within 12 months of hospital discharge, Davidson reported lower hospital readmission rates in the intervention group (odds ratio: 0.20; 95% CI: 0.07-0.58; relative risk: 0.63). 39 In the sensitivity analysis of the unplanned hospital readmissions within 3 months of meta-analysis, the studies of Sahota et al 33 and Seymour et al 37 substantially influenced the pooled effect size. When the study of Sahota was excluded from the metaanalysis, the pooled RR changed to 0.77 (95% CI: 0.54-1.10), and omission of the study of Seymour changed the pooled RR to 1.02 (95% CI: 0.79-1.31) (table 4 ).
Discussion
The randomized trials used in this systematic review support the idea that rehabilitation of older patients in an OOHS improves mobility, which was reflected in an average increase of 23 m on the 6MWD test at 3 months after discharge from hospital following an acute illness. The review also indicates that rehabilitation of older patients in an OOHS after discharge from hospital following an acute illness does not lower the risk of unplanned hospital readmission after 3 months. However, the wide 95% CI and the instability of the pooled effect on mobility indicate that this evidence is not robust.
In the United States, rehabilitation programs after hospitalization have gained importance due to the recent introduction of payment penalties for hospitals with higher than average 30-day readmission rates. 45 The posthospital syndrome described by Krumholz et al 46 is a multifactorial phenomenon that occurs after acute hospitalization and increases the risk of rehospitalization. The association of functional impairment and readmission rates after hospitalization has increased awareness of the importance of rehabilitation. 4 However, in this systematic review and meta-analysis, a positive trend was observed for mobility when treated by a multidisciplinary rehabilitation program but not for unplanned hospital readmission. Although most of the studies continued rehabilitation programs from 1 care setting to another, it was often not as coordinated as in a transitional care system. Transitional care is effective at reducing hospital readmission rates when the care continues between health care settings and contains elements of care coordination, communication between primary care and hospitals, and includes intensive follow-up after hospital discharge. 47, 48 Only 4 of the included studies described a transitional care system including the effective elements, of which only 2 reported the hospital readmission outcome. 31, 33 This could explain the positive trend for mobility in this meta-analysis but not for unplanned hospital readmission rates.
A difference of 23 m in the 6MWD test was considered to be clinically relevant according to Bohannon et al, 49 who defined clinical relevance as a change of 14-30.5 m against a background of 295-551 m on the 6MWD test. In the sensitivity analysis, omitting the study of Oerkild et al 43 increased the pooled effect on the 6MWD test from 23 to 31 m. Their intervention was compared with usual care, which was outpatient cardiac rehabilitation. This could partly explain the favorable effect in the control group in contrast to the results obtained by other studies in the meta-analysis and thus the improved effect in the metaanalysis upon omission. Omitting the study of Davidson et al 39 resulted in a smaller pooled effect (MD: 10.76), which could be because the study was stopped prematurely and could have led to the wrong conclusions being drawn because of the smaller sample size.
Omitting the study of Sahota 33 in the meta-analysis on unplanned hospital readmission caused the RR to change from 0.93 to 0.77, whereas omitting the study by Seymour 37 changed the preventive effect from 7% to a 2% increased risk. Sahota included an older and frailer patient population with a higher risk of adverse events, which could have influenced the effect. 33 Another contributing factor could be their large sample size when compared to other included studies, which may have led to this study having a greater influence in the meta-analysis. The small sample size of the Seymour study (intervention group: 30; control group: 30) could have led to an overestimation of the effect. 37 Most of the included studies focused on specific patient populations, such as patients with cardiac and pulmonary diseases [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] ; however, 4 studies were performed in general patient populations. [30] [31] [32] [33] The content of the rehabilitation programs provided in the studies did not differ much between these populations. All interventions consisted of multiple rehabilitation components, such as exercise and education. Nevertheless, the execution of the rehabilitation components varied between the studies or a thorough description of the content was missing in the manuscript; for example, 1 study failed to use the frequency, intensity, time, and therapy criteria to report items in the description of an exercise intervention. 50 Another study did not report the provided intervention according to the TIDieR guidelines for the reporting of interventions. 28 Using the TIDieR guidelines would make the aggregation and comparison of interventions possible on a level of what was provided by whom, how, where, and when. Therefore, it was not feasible to analyze the effectiveness of the different components of the intervention, neither was it possible to perform subanalysis on the dose of the intervention.
Nutritional status is an important factor for optimal physical training results and physical recovery (eg, intake of proteins). It is also relevant in acutely hospitalized patients where 52% experience malnutrition 1 ; however, dieticians were only involved in 4 of the included studies. 30, 39, 42, 43 Gill et al 12 stated that exercise programs should comprise balance exercises, muscle strengthening, transfer exercises, and functional exercises to be beneficial in frail older patients. The studies used in this manuscript mainly focused on intensity training and 4 of these were combined with strengthening exercises. [35] [36] [37] 39 Only 2 studies 32, 51 combined all the components of exercise training stated by Gill, and 1 study 33 described an individual approach. This could have influenced the effect in the meta-analysis.
The location of the intervention in the included studies varied between an outpatient setting, a community-based at-home setting, and a temporary inpatient setting (eg, a skilled nursing facility). The influence of the rehabilitation location and environment on the outcome was studied previously and showed no significant effects in traditional center-based inpatient approaches and alternative models such as telehealth and home-based rehabilitation. [52] [53] [54] 
Strengths and limitations
To the author's knowledge, this is the first systematic review to examine the effectiveness of multidisciplinary rehabilitation in an OOHS in older patients after they are discharged from hospital following an acute illness. Three large international databases (Medline OVID, Embase OVID, CINAHL) were screened. No publication was excluded based on language due to the availability of English abstracts in these databases. Although most of the international publications were covered in these databases, some specific language publications may possibly have been omitted due to their only being available in databases such as Bireme (a Latin American database). The included studies were all randomized trials. The blinding issues in patients and personnel in the included studies were caused by the nature of the intervention; however, the quality of the included studies was limited due to a lack of blinding of the outcome assessors. This could have introduced bias and could have led to an overestimation of the effects. Different studies used different types of outcome measures to report mobility; therefore, it was not possible to include all studies in the meta-analysis. The sensitivity analysis in both meta-analyses provided an insight into the contribution of each study, in the estimate of the true value of unplanned hospital readmissions (fixed effect) or the mean of all possible values for the 6MWD (random effect).
Implications for further research
Many studies focus on a diagnosis-based population despite other factors (ie, level of frailty) playing an important role in determining rehabilitation needs. 8 The medical diagnosis often correlates badly with the disease-related functional consequences. These needs may be better determined through a comprehensive geriatric assessment that focuses on a patient's disease, geriatric condition, functional status, and the patient's own preferences rather than being determined solely from a disease perspective. This would create a more homogeneous patient population and enable tailored rehabilitation interventions to be tested. In addition, patients also transfer back and forth between health care settings; therefore, transitional care rehabilitation interventions should be considered to ensure continuity of care and reduce adverse outcomes such as hospital readmissions. 47, 48 Furthermore, a clear definition of functional capacity is often lacking in rehabilitation intervention manuscripts and should be integrated according to the definition of the International Classification of Functioning. Functional capacity is often described when only physical performance is reported instead of the 3 main domains of functioning: body function, activities, and involvement in life situations. 24 A clear definition and a detailed description of the intervention according to the frequency, intensity, time, and therapy criteria and TIDieR guidelines would help to improve comparability and determine the effectiveness of each component of the intervention.
Conclusions
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